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ABSTRACT
Surface water quality monitoring is an important tool for enhancing the water body management system. This study focuses 
on the water quality of a lake based on rehabilitation work completed in 2014. This lake suffers from eutrophication and 
water quality degradation due to the increase in pollution rates and water source scarcity. Nine points were selected to 
represent the water quality status for the study area. Two river tributaries that pass through the University Malaya (UM) 
campus have been considered due of its potential as a water source for the lake. Field and laboratory analysis were 
conducted to understand the transport of water quality parameters. The data variations were analyzed using a multivariate 
statistical method to determine the significant differences between the lake and river. Based on the Malaysian Water 
Quality Index (WQI) and cluster analysis, the results indicated that the lake and river have different physico-chemical 
characteristics and the lake water has a better quality than the river. Comparison of the concentration for BOD, TSS, 
PO4
3- and NO3
-
 between year 2009 and current study proved that the water quality has improved by 99.8% proving that 
the lake remediation is effective. 
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ABSTRAK
Pemantauan kualiti permukaan air adalah satu wadah yang penting untuk memperbaiki sistem pengurusan air. Kajian 
ini memberi tumpuan kepada kualiti air tasik berdasarkan kerja-kerja pemulihan yang dilakukan pada tahun 2014. Tasik 
ini mengalami eutrofikasi dan penurunan kualiti air kerana peningkatan kadar pencemaran dan kekurangan sumber 
air. Sembilan lokasi telah dipilih untuk mewakili status kualiti air di dalam kampus Universiti Malaya (UM). Dua buah 
anak sungai yang melalui kampus UM turut dikaji kerana potensinya sebagai salah satu sumber untuk air tasik. Analisis 
lapangan dan makmal telah dijalankan untuk memahami pengangkutan parameter kualiti air. Data dianalisis dengan 
menggunakan kaedah multivariat statistik untuk menentukan perbezaan antara tasik dan sungai. Berdasarkan Indeks 
Kualiti Air Malaysia (WQI) dan analisis kelompok, keputusan membuktikan bahawa tasik dan sungai mempunyai ciri 
fiziko-kimia yang berbeza dan air tasik mempunyai kualiti yang lebih baik daripada sungai. Perbandingan bagi BOD, TSS, 
PO4
3- dan NO3
- untuk tahun 2009 dan kajian semasa membuktikan bahawa kualiti air semasa telah meningkat sebanyak 
99.8%. Ini membuktikan bahawa pemulihan tasik adalah berkesan.
Kata kunci: Air tasik; eutrofikasi; fiziko-kimia; kualiti air; pemulihan
INTRODUCTION
It is crucial to measure the water quality in terms of 
physical, chemical and biological parameters (Sargaonkar 
& Deshpande 2003). There is an abundance of studies 
worldwide that are related to the physico-chemical 
characteristics of freshwater (Hu et al. 2008; Lermontov 
et al. 2009; Rajendran & Mansiya 2015; Sharma et al. 
2015; Sun et al. 2016; Wong & Hu 2013). In Malaysia, 
the lake and river water systems are treated as a source of 
freshwater. The study of the lake and river are important 
because it is an interactive component of watersheds and 
the physico-chemical conditions of these ecosystems 
reflect the land use patterns and physical characteristics 
of the landscapes in which they are embedded (Morrice 
et al. 2008; Udo 2007). 
Lakes are subjected to additional influences from human 
activities associated with water regulation, diversion 
and consumption (Gao et al. 2011). Due to continuous 
accumulation of pollutants in lakes, primarily from surface 
run-off and excessive fish feeding, the nutrient level of 
pond water will gradually increase. As a result, the lake 
usually suffers from eutrophication and certain amounts 
of those nutrients will even cause algal blooms (Orderud 
& Vogt 2013). Eutrophication of surface water bodies is a 
worldwide phenomenon (Izmest’eva et al. 2016), creating 
difficult challenges to all involved in water management and 
imposing severe environmental costs (Pretty et al. 2003) 
due to water quality deterioration (Prepas & Charette 2005; 
Smith et al. 2006, 1999). A multidisciplinary approach is 
required to deal with this problem. Numerous approaches 
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were implemented to reduce lake water pollution such as 
preventing or reducing the amount of pollutant loads to the 
lakes especially the nutrients (Hu et al. 2008; Jeppesen et 
al. 2007, 2005; Köhler et al. 2005; Oglesby & Edmondson 
1966; Skarbøvik & Bechmann 2010; Welch 1981). Nutrient 
loads can be reduced by controlling the agricultural 
activities like pesticides and fertilizers use (Orderud & 
Vogt 2013), wetland construction and buffer construction 
and change in tillage practice (Skarbøvik & Bechmann 
2010). Basic environmental literacy such as interaction 
between science and stakeholders is also required and 
this is called as trans-disciplinary research and processes 
(Orderud & Vogt 2013). 
 Varsity Lake in UM campus exhibits typical 
characteristics of eutrophic lake. This has become worst 
since 2009 based on the sudden death of fish in the lake 
on 15 October 2009 (Ashraf et al. 2010). The main water 
source of the Varsity Lake consists of wastewater flows 
from faculties and residential colleges. These flows carry 
overloading pollutants into the lake and it has exceeded 
the carrying capacity of the lake especially during the dry 
season. Thus, in August 2014, rehabilitation work started 
for the lake’s preservation. The work aimed to prohibit any 
untreated wastewater flow into the lake and improving lake 
water quality. Therefore, the main inlet is fully stopped 
from flowing into the lake. After the rehabilitation, the 
lake does not have a well-established inlet as a consistent 
water source to ensure a good water quality and quantity. 
Thus, this study includes investigating the suitability of 
the river system in UM campus for lake water sources 
by quantifying the water quality levels in the rivers and 
evaluating the effectiveness of rehabilitation work for the 
lake to act as recreational use for water sport and body 
contact. The findings of this paper were compared to a 
similar study done in eutrophic tropical lake in Ghana due 
to the identical climate and limnology (Ansa et al. 2011).
MATERIALS AND METHODS
STUDY AREA
The University of Malaya is situated on a 3.03 km2 land 
area in the southwest of Kuala Lumpur, the capital of 
Malaysia (2015). The current study investigated the water 
flow through the entire UM campus but focused mainly 
on the Varsity Lake. Varsity Lake is the biggest lagoon 
on the UM land with a surface area of 0.0148 km2. It is 
located at 30 25’ 27.52’’ N, 1010 25’ 53.89’’ E. This lake is a 
stagnant manmade lake build to meet the recreational and 
sport activities of the UM. It has become one of the centers 
of attraction for recreational activities prior to the water 
quality deterioration in 2009. The water depth ranges from 
2.0 to 4.0 m with a total length of lake of 287 m and a width 
range from 10.0 to 80.0 m. During the study, water enters 
the lake mainly by pumping the water from the nearest 
river, Sungai Pantai and a small proportion of water enters 
the lake through surface runoff and direct precipitation. 
There are two outlets to drain water in case of high water 
level but in normal water level, Varsity Lake does not have 
well-established outlets. It was therefore, hypothesized that 
the lake mostly loses water through subsurface flow and 
evapotranspiration.
 Two river tributaries (Sungai Pantai and Sungai 
Anak Air Batu) pass through UM campus and they are not 
connected to the lake. The continuous flow of the rivers 
makes it sufficient to become a water source for the lake. 
Sungai Pantai is located at the upstream of Varsity Lake. 
It receives flow from the outside residential area and flows 
in a concreted channel of about 1.75 km long inside the 
campus and passes by the Varsity Lake. Sungai Anak 
Air Batu is another tributary, which receives flow from 
the Damansara area before it merges with Sungai Pantai 
(Figure 1). It has a total length of 1.93 km. 
FIGURE 1. University Malaya campus and location of nine sampling points
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SAMPLE COLLECTION AND ANALYSIS
Field sampling was conducted monthly for a year period 
from November 2014 to October 2015. Nine sampling 
stations were selected to represent the variation of water 
quality status for the study area: Three samples from 
Varsity Lake, two samples from Sungai Anak Air Batu 
and four samples from Sungai Pantai. Physical and 
chemical parameters measured during the sampling were 
pH, electric conductivity (EC), temperature, dissolved 
oxygen (DO) and turbidity. After sampling, the samples 
were kept in a cold room at a temperature of 4oC to 
minimize chemical reaction rate in the water (Eaton et 
al. 2005). Biochemical oxygen demand (BOD), chemical 
oxygen demand (COD), total suspended solids (TSS) and 
ammonical-nitrogen (NH3-N) were tested in laboratory 
by using a standard method for Examination of Water 
and Wastewater 20th Edition (Eaton et al. 2005). The 
method used for BOD analysis was Winkler’s method, 
while COD was determined using Open reflux method. 
The gravimetric process of total suspended solids at 105oC 
was done for TSS analysis and the Kjedahl method for 
NH3-N. The nutrient study involving nitrate (NO3) and 
phosphate (PO43-) tested using Spectrophotometer Pharo 
100. The data were interpreted by using SigmaPlot and 
MINITAB 16. Box-plot analysis was applied to illustrate the 
trend of physical and chemical characteristics by plotting 
the concentrations against sampling locations. One way 
analysis of variance (ANOVA) was applied to determine any 
significant difference between the sampling stations. The 
spatial variability of water quality in the UM campus was 
performed using a hierarchical agglomerative cluster under 
the Ward’s method with squared Euclidean distances as a 
measure of similarity (Otto 1998). For instance, distance 
object x (x1, x2) and object y (y1, y2) is expressed using (1):
 Distance (x, y) =  (1)
RESULTS AND DISCUSSION
PHYSICAL-CHEMICAL CHARACTERISTICS OF THE WATER
The minimum and maximum values of all physico-
chemical parameters of water samples collected from nine 
sampling stations are summarized in Table 1. The table 
gives range, mean and standard deviation of the result of 
each of the 10 parameters and the results were compared to 
the values of the National Water Quality Standards (NWQS) 
for Malaysia (DOE 1994). 
 The mean water temperature at the study area ranges 
from 29.4 to 32.4oC and pH from 6.8 to 8.1. The results 
were within the range of the standard acceptable levels of 
the NWQS, 6.5 to 8.5. In this study, mean DO varies from 
3.3 to 8.0 mg/L and complies with the standard set by the 
NWQS, of above 3 mg/L. The mean TSS varies from 8 to 
18.8 mg/L. Based on the NWQS, the maximum threshold 
limit of TSS is 50 mg/L (DOE 1994). The mean BOD in UM 
campus range from 1.2 to 4.2 mg/L with limit given of 6 
mg/L (DOE 1994). COD concentrations were varied between 
0 and 384 mg/L with a mean range from 21.5 to 52.0 
mg/L. All sampling locations have high standard deviation 
value indicating that COD is not consistent throughout the 
sampling period. The NWQS threshold level for COD is 
50.0 mg/L (DOE 1994). The mean NH3-N concentrations 
were between 0.3 and 3.9 mg/L and the limit for NH3-N 
concentration which supports aquatic life is 0.9 mg/L (DOE 
1994). Nutrient concentration, NO3- and PO43- ranges from 
1.8 to 2.1 mg/L and 0.1 to 1.3 mg/L, respectively. The 
maximum permissible limit set by the NWQS is 7 mg/L for 
NO3- and 0.2 mg/L for PO43-. 
SUITABILITY OF RIVER WATER FOR VARSITY 
LAKE WATER SOURCE
The temperature in the lake was found to be higher than 
the temperature in the rivers as shown in Figure 2(a) and 
based on one-way variance tests, the water temperature in 
the lake has differs significantly with both rivers (F 2,33 = 6.08, p<0.05). Water has high heat storage capacity, so low 
velocity or stagnant water in the lake tends to accumulate 
higher heat. Also, lake water receives direct sunlight in a 
stagnant form while trees at the riverbanks overshadow the 
rivers and water is continuously flowing. This explains the 
high temperature in the lake. 
 From this study, pH in the lake has differs significantly 
with the rivers (F 2,33 = 14.19, p<0.05) where the lake water has relatively alkali characteristics with mean of 7.9 to 8.1, 
Figure 2(b). Higher pH value was reported in Weija Lake 
with mean range of 6.5 to 8.7 due to the eutrophic condition 
(Ansa et al. 2011). Najas spp. was introduced into Varsity 
Lake to reduce the phytoplankton growth rate as applied in 
Lake Wuli, China (Chen et al. 2009). Introduction of Najas 
spp. combined with existing eutrophic condition in Varsity 
Lake has led to rapid photosynthetic activity (Ansa et al. 
2011; Chen et al. 2009; Edmondson 1956; Eilers & Peeters 
1988; Tilzer 1983). Studies by Awuah (2006), Czuba et al. 
(2011) and Gandaseca et al. (2011) has confirmed that pH 
value is higher in environment with high photosynthetic 
activity as carbon dioxide is utilized in the process (Awuah 
2006; Czuba et al. 2011). For pH in the river, the value has 
reached acidic condition from 4 to 5.5 and this shows that 
it is unsuitable for lake water source because it may affect 
the alkalinity of the lake water. 
 A significant difference was observed between DO in 
the lake and in the river (F 2,33 = 45.33, p<0.05) where lowest concentration was recorded in Sungai Anak Air Batu, 0.9 
mg/L while the highest was in the lake, 12.8 mg/L, Figure 
2(c). High DO was also recorded in Weija Lake with range 
of 3.5 to 10.5 mg/L (Ansa et al. 2011). This shows that the 
presence of algae and high photosynthetic rate in eutrophic 
condition contribute to high DO concentration. In an aquatic 
system, all living organisms are dependent on oxygen in 
one form or another to maintain the metabolic process that 
produces energy for growth and reproduction (Sawyer et 
al. 2003). Both rivers has lower DO than the lake and thus, 
make them unsuitable as a water source in the lake. 
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 There is no significant difference between the mean 
of TSS in the river and lake (F 2,33 = 1.5, p>0.05). However 
the pattern shows that Sungai Pantai has the highest TSS, 
72 mg/L. This was due to the heavy rainfall events during 
the sampling period, Figure 2(d). Rainfall has increased the 
rate of surface runoff or soil erosion. Normally soil erosion 
considers the best source for suspended solids that comes 
from the surrounding area (Ooshaksaraie et al. 2009). The 
inconsistency of TSS concentration in the river makes it 
unsuitable as a water source in the lake. 
 Varsity Lake shows significant difference in BOD value 
compared to the river (F 2,33 = 6.98, p<0.05). Highest BOD 
was recorded in the Sungai Pantai while the lowest was 
in the lake, Figure 3(a). A study by Ansa et al. (2011) in 
Weija Lake has shown that low dissolved organic matter 
in aquatic environment contribute to low BOD. In Varsity 
Lake, dissolved organic matter in the form of algae and 
decomposed Najas spp. is removed periodically by UM 
volunteers. This give an indication that river has higher 
biological organisms as compared to the lake and is 
unsuitable to be used as a water source for the lake because 
it will affect the DO level in the lake. Meanwhile, COD 
values did not show significant trend, (F 2,33 = 0.65, p>0.05) 
but fluctuated from time to time, Figure 3(b). Generally, 
lower COD level indicates a low level of pollution (Waziri 
& Ogugbuaja 2010). 
 There is a significant difference between the mean 
NH3-N in the lake and mean NH3-N the river (F 2,33 = 
22.08, p<0.05) with the highest value was in the Sungai 
Pantai and minimal concentration in the lake, Figure 3(c). 
According to Corwin et al. (1999) higher NH3-N values 
can be toxic to fish and it is an indication of the existence 
of sewage effluents into a water body. The Sungai Pantai 
collects pollutants along the river before flows into the UM 
campus. This means that, Sungai Pantai is unsuitable to be 
a source of water for Varsity Lake.
 Nutrient study, involving PO43- and NO3- were also 
conducted. The highest PO43- was recorded in the Sungai 
Pantai, while the lowest was in the lake, Figure 4(a), 
(F 2,33 = 2.47, p<0.05). Meanwhile, there is no significant 
pattern for NO3- level between the study areas, Figure 
4(b), (F 2,33 = 0.09, p>0.05). High concentrations of 
nutrients are generally due to the pollution associated 
with eutrophication condition (WHO 2011). In addition, 
domestic effluents particularly which contain detergents, 
fertilizer runoff and industrial wastewater are the main 
reasons of high PO43- levels in surface water such as the 
river and lake (Ceballas & Schnabel 1998). From the data, 
it proves that Sungai Pantai receives effluent from one of 
the type discharges listed above. The discharge derives 
from a combination of sources both outside and inside the 
campus. Figure 4(a), shows that Varsity Lake has a small 
interquartile range indicating that the PO43- level in this 
lake is consistent. However the river has reached 5 mg/L 
of PO43-. The inconsistency proves that the river have 
different characteristic from time to time and unsuitable 
to be a water source for the lake.
COMPREHENSIVE WATER QUALITY CLASSIFICATION
From the field and laboratory analysis, the result of all 
parameters listed in Table 1 was used for cluster analysis, 
Figure 5. The result separates the sampling stations into 4 
four natural background features. Cluster 1 corresponded 
to stations SP1 and SP2 which represent Sungai Pantai as 
it enters into the UM campus, Cluster 2 represents Varsity 
FIGURE 2. Box-plot analyses (A) The temperature against sampling points, (B) pH against sampling points, 
(C) DO against sampling points and (D) total suspended solids against sampling points
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FIGURE 3. Box-plot analyses (A) The BOD against sampling points, (B) COD against sampling 
points and (C) NH3-N against sampling points 
 FIGURE 4. Box-plot analyses (A) The PO43- against sampling points and (B) NO3- against sampling points
Lake water (WL, ML, EL), Cluster 3 included SP3, CON and 
SA2, the combination of the Sungai Pantai and Sungai 
Anak Air Batu and Cluster 4 only contained station SA1 
that is located in the upper part of the Sungai Anak Air 
Batu. This cluster illustrated that lake water lies in different 
cluster with the river and has a significant difference (F 2,33 
= 28.65, p<0.05). Meanwhile, DO, BOD, COD, TSS, NH3-N 
and pH were used in the calculation of the WQI based on 
DOE standard as described by (DOE 1994; Norhayati et al. 
1997) to identify the water quality status. WQI is computed 
based on six Sub-Indexes (SI); in the expression as follows:
WQI = 0.22SIDO + 0.19SIBOD + 0.16SICOD 
 + 0.15SIAN + 0.16 SISS + 0.12SIpH.
 WQI ranges from 0 to 100 and the computed values is 
classified as Clean for value 81 to 100, Slightly Polluted 
for value 60 to 80 and Polluted for value 0 to 59. Based 
on Table 2, the lake has a mean value range from 82 to 86 
indicating that the water is in Class I (Clean). Meanwhile, 
river water has a mean WQI from 65 to 70 showing that it is 
in Class II (Slightly Polluted). In overall, this study shows 
that river water tends to have higher level of contaminants 
than in lake and similar findings reported by other study 
(DNR 2010).
EFFECT OF REHABILITATION
This section discusses the impact of the lake rehabilitation 
process towards water quality. The comparison is made 
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based on the water quality data before the work began in 
2009 and after the work completed in 2014. Comparison 
of the concentration shows a significant difference (Figure 
6). The concentrations for these parameters in 2014 are 
lower than 2009. This shows that the rehabilitation work 
has made changes to the lake’s water quality. In 2009, the 
average NO3- concentration was 43.8 mg/L while in 2014, 
the concentration dropped to 1.94 mg/L (Figure 6(a)). For 
PO43-, the concentration in 2009 was 5.4 mg/L and after 
rehabilitation work the concentration has reduced to an 
average value of 0.17 mg/L (Figure 6(b)). Based on the 
results, it shows that the control of nutrient loading into 
Varsity Lake has succeed in bring down the nutrients level 
to the permissible level as been reported by the study in 
Lake Maggiore, Italy (Roggiu et al. 1985).
 TSS is an important parameter for water quality study 
because the oxygen will easily dissolve in low suspended 
solids water. In 2009, average TSS has reached 357.6 mg/L 
but after rehabilitation work, the TSS decreased to an 
average of 15.6 mg/L (Figure 6(c)). BOD concentration also 
shows a good indication. The average BOD concentration 
has declined from 763 to 1.6 mg/L (Figure 6(d)). The 
BOD is continuously decreased because of the stoppage of 
wastewater entering the lake. This phenomenon is common 
and has been identified in many studies (Edmondson 1995; 
Rosli et al. 2010; Smith 1998). 
 In overall, the rehabilitation work that includes; stop 
of wastewater flow to the lake, soil dredging, harvesting 
of algae and Najas spp. and installation of soil retainer has 
reduced the pollutants indicator concentration. This shows 
that the water quality in the lake is improving from 2009 
TABLE 2. Mean WQI status for surface water in University 
Malaya campus
Station Remarks WQI INWQS CLASS
SP1
SP2
WL
ML
EL
SP3
SA1
SA2
CON
Mean WQI
Sungai Pantai 
Sungai Pantai 
Varsity Lake
Varsity Lake
Varsity Lake
Sungai Pantai 
Sungai Anak Air Batu 
Sungai Anak Air Batu 
Confluence of rivers
65
65
82
86
86
68
66
66
70
73
Class III
Class III
Class II
Class II
Class II
Class III
Class III
Class III
Class III
Class II
FIGURE 5. The dendrogram for cluster analysis based 
on Ward linkage method
FIGURE 6. The comparison of water quality concentration in Varsity Lake before and after rehabilitation work 
for (A) NO3- concentration, (B) PO43- concentration, (C) TSS concentration and (D) BOD concentration
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to 2014. However each parameter has different amount of 
reduction and in this study, the reduction is represented 
using percentage change (Figure 7). From this study, BOD 
has the highest percentage change of 99.8%, followed by 
PO43- 96.8% and NO3- and TSS shares the same percentage 
change of 95.6%. The stop of wastewater flow to the lake 
give a major contribution in improving the water quality 
and similar finding reported by the study in Washington 
Lake, Seattle USA (Edmondson 1995; Smith 1998). Since 
all parameters have percentage change nearly 100%, it 
shows that the rehabilitation work is very effective and 
totally helps in improving the water quality. 
Education (MOHE), Malaysia. We are most grateful and 
would like to thank the reviewers for their valuable 
suggestions, which led to a substantial improvement of 
the article. 
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